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(54) lltlc: PERCUTANEOUS REGISTRATION APPARATUS AND METHOD FOR USE IN CX^MPUIER-ASSISTED SURGICAL 
NAVIGATION 

(57) Abstract 

An apparatus and procedures for percutaneous placcnncnt of surgical implants and instruments such as. for example, screws, rods, 
wires and plates into various body parts using image guided surgery. The invention includes an apparatus for use wi^ a surgical navigation 
system, an attaching device rigidly connected to a body part, such as the spinous process of a vertebrae, with an identification superstructure 
rigidly but removably connected to (he attaching device. This identification superstructure, for example, is a reference arc and fiducial array 
which accomplishes the function of identifying die location of Che supeistnictuie, and, therefore, die body part to which it is lixed, during 
imaging by CAT scan or MRI, and later during medical procedures. 
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PERCUTANEOUS REGISTRATION APPARATUS AND METHOD. 
FOR USE IN COMPUTER-ASSISTED SURGICAL NAVIGATION 

The present invention claims rights under 35 U.iS.C, § 1 19 on 
provisional application No^ 60/059.91 5» filed on September 24. 1997. and 
entitled "Percutaneous Registration Apparatus and Method for Use in 
Computer-Assisted Surgical Navigation." 
FIELD OF THE INVENTION 

The present invention relates generally to guiding, directing, or 
navigating instruments or implants in a body percutaneously, in conjunction 
with systems that use and generate images during medical and surgical 
procedures, which images assist in executing the procedures and indicate the 
relative position of various body parts, surgical implants, and instruments, in 
particular the invention relates to apparatus and minimally invasive 
procedures for navigating instmments and providing surgical implants . 
percutaneously in the spine, for example, to stabilize the spine, correct 
deformity, or enhance fusion in conjunction with a surgical navigation system 
for generating images during medical and surgical procedures. 

BACKGROUND OF tHE INVENTION 

Typically, spinal surgical procedures used, for example, to provide 
stabilization, fusion, or to correct deformities, require large incisions and 
substantial exposure of the spinal areas to pemiit the placement of surgical 
implants such as, for example, various forms of screws or hooks linked by 
. rods, wires, or plates into portions of the spine. This standard procedure is 
invasive and can result in trauma, blood loss, and post operative pain. 
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PCT/US95/12894 (Publication No! WO 96/1 1624) to Bucholz et al.. the entire 
disclosures of which are incorporated herein by reference, disclose systems 
for use during a medical or surgical procedure using scans generated by a 
scanner prior to the procedure. Surgical navigation systems typically include 
tracking means such as, for example, an LED array oh the body part LED 
'emitters on the medical instruments, a digitizer to track the positions of the 
body part and the instruments, and a display for the position of an instrument 
used in a medical procedure relative to an image of a body part 

Bucholz et al. WO 96/1 1 624 is of particular interest, in that it identifies 
special issues associated with surgical navigation in the spine, where there 
are multiple vertebral bodies that can move with respect to each other. 
Bucholz et al. describes a procedure for operating on the spine during an 
open process where, after imaging, the spinous process reference points may 
move with respect to each other. It also discloses a procedure for modifying 
and re-positioning the image data set to match the actual position of the 
anatomical elements. When there is an opportunity for anatomical 
movement, such movement degrades the fidelity of the pre-procedural 
images in depicting the intra-procedural anatomy. Therefore, additional 
innovations are desirable to bring image guidance to the parts of the body 
experiencing anatomical movement 

Furthermore, spinal surgical procedures are typically highly invasive. 
There is, thus, a need for more minimally invasive techniques for performing 
these spinal procedures, such as biopsy,. spinal fixation, endoscopy, spinal 
implant insertion, fusion, and insertion of drug delivery systems, by reducing 
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To achieve these objects and other advantages and in accordance 
with the purpose of the invention, as embodied and broadly described herein, 
the invention includes an apparatus for use with a surgical navigation system 
and comprises an attaching device rigidly connected to a body part, such as 
the spinous process of a vertebrae/ with an identification superstructure rigidly 
but removably connected to the attaching device. This identification 
superstructure is a reference arc and fiducial array, which accomplishes the 
function of identifying the location of the superstructure, and, therefore, the 
body part to which it is fixed, during imaging by CAT scan or MRI, and later 
during medical procedures. 

In one aspect, the attaching device is a clamp with jaws and sharp 
teeth for biting into the spinous process. 

In another aspect, the fixture is a screw, having a head, wherein the 
screw is implanted into the spinous process and a relatively rigid wire is 
attached to the head of the screw and also implanted into the spinous 
process at an angle to the axis of the screw to prevent the screw from rotating 

> ■ • ■ 

in either direction. 

In another aspect, the superstructure includes a central post, and a 
fiducial array and a reference arc rigidly but removably attached to the central 
post The fiducial array is composed of image-compatible materials, and 
. includes fiducials for providing a reference point, indicating the position of the 
array, which are rigidly attached to the fiducial array, composed of, for 
example titanium or aluminum spheres. The reference arc includes emitters, 
such as, for example Light Emitting DiodesCLEDs"), passive reflective 
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patient to the operating area, touching an image-guided or tracked surgical, 
pointer to these screws and wires attached to the vertebrae to positively 
register their location in the surgical navigation computer, and manipulating 
either the patient's spine or the image to align the actual position of the spinal 
elements with the scanned image. 

In another aspect, the method includes percutaneously implanting 
screws into spinal elements, which screws are located using image guided 
surgical navigation techniques, and further manipulating the orientation of the 
screw heads percutaneously using a head-positioning probe containing an 
emitter, that can communicate to the surgical navigation computer the 
orientation of the screw heads and position them, by use of a specially 
designed head-positioning tool with an end portion that mates with the heads 
of the screws and can rotate those screw heads to receive a rod, wire, plate, 
or other connecting implant If a rod is being inserted into the screw heads for 
example, the method further includes tracking the location and position of the 
rod, percutaneously using a rod inserter having one or more emitters 
communicating the location and orientation of the rod to the surgical 
navigation computer. 

The objects of the invention are to provide a user, such as a surgeon, 
with the system and method to track an instrument and surgical implants used 
. in conjunction with a surgical navigation system in such a manner to operate 
percutaneously on a patient's body parts, such as spinal vertebrae which can 
move relative to each other. 
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It is to be understood that both the foregoing general description and 
the following detailed description are exemplary and explanatory only and are 
not restrictive of the invention. 
BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpprated in and constitute 
a part of this specification, illustrate one embodiment of the invention and 
together with the description, serve to explain the principles of the invention. 

. Fig.1 is a schematic diagram of one preferred embodiment of a 
superstructure for use in the current invention, including a reference arc, 

« 

center post and fiducial array and rigid Kirschner wires ("K wires") and screws 
placed in the spine for use with a surgical navigation system for percutaneous 
spinal surgical procedures. 

Fig. 1A is an enlarged view of the superstructure depicted in Fig. 1 
engaging a vertebra by a clamp and also K wires implanted in adjacent 
vertebrae in the superior and inferior positions of the spinous process. 

Fig. 2 is a diagram of the preferred embodiment of a damp fixture for 
rigid connection to the spinous process of a single vertebrae with an H- 
shaped fiducial array attached to a center post rig|idly attached to the clamp 
and a mating connector at the tip of the post for mating with a reference 

* • * * I 

. array, and a reference array for use in the current invention. • 
Fig. 2A is a side view of Fig. 2 
Fig. 2B is another side view of Fig. 2. . 

■ - . . * 

Fig. 2C is a top view of Fig. 2. . 

Fig. 2D is an exploded view of Fig. 2 without the reference arc. 



PCTAJS98/19695 

WO 99/15097 

-10- 

P„. 2E . an expWe. v,ew c, .^e ,n,e*ce c, ..e center post and 

H- „..„,aW.Shapa.Mudala,raynoun...oacenU^ 
Fig 3 is a diagram ot a vv omok 

single vertebrae. 

Fig. 3A is a side view of Fig. 3. 

Fig. SB is another side view of Fig. 3. 
Fig 3C is a top view of Fig. 3. 

P, 4 IS a *P.. 0, a re-^rence a. and f.uc., anaoned . a cen.er 
,0. use ,n ,.e cu^n. inven^on in moun« » = «e venePrae. 

Fig. 4A is a side view of Fig. 4. 
Fig. 4B is a back view of Fig. 4. 
Fig. 4C is a top view of Fig. 4. 
Fig. 4D is an expanded view of Fig. 4. 

Fig 4E is an expanded side view of Fig. 4. 

Fig 4Fisanexpandedviewof«.earrayfootandshoeofFig.4E. 

. P,5isadiagrarnofana.ternat.een.bodi.entofaf.>.ureforuse.n 

• p mounted on a central post and including an alternate 
with Kirschner wire mountea on a k . 

«^ roferpnce arc combined on. a single 

, , embodiment of a fiduciary array and reference arc 

structure. ti--„ e, 

. ^r^A i^irschner wire fixture of Pig- ^ 
Fig. 6 is a side view of the screw and Kirschner 

i„,p,anted in a spinous process of a vertebrae. 



wo 99/15097 PCt/US98/19695 

-11- 

Fig. 7 is a diagram of a screw-head positioning probe and multiaxial 
screw for insertion Into a single vertebrae. 

Fig. 7A is a diagram of the screw of Fig. 7, 

Fig. 6 is a diagram of a head positioning probei multiaxial screw and 
spinal segment. 

Fig. 9 is a diagram of a rod inserter with an LED. 
Fig. 10 is a diagram of an alternative embodiment of the invention 
depicting a cannutated tube and attachment for holding a reference arc. 

Fig. 11 is a diagram of the cannulated tube of Fig. 10 with a reference 
arc and screw for attachment to a spinal process. 

Fig. 12 is a posterior view of spinal segment and implanted screws 
before alignment. 

Fig. 1 3 is a posterior view of spinal segment and Implanted screws 
after alignment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
Reference will now be made in detail to the present preferred 
embodiment of the invention, an example of which is illustrated in the 
accompanying drawings. Wherever possible, the same reference numbers 
will be used throughout the drawings to refer to the same or like parts. The 
following example is intended to be purely exemplary of the invention. 

As generally described in PCT/US95/12894, the entire disclosure of 
which is incorporated herein by reference, a typical surgical navigation system 
is shown in Fig. 1 adopted to be used in the present invention. A computer 
assisted image-guided surgery system, indicated generally at 10, generates 
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In summary, the general operation of a surgical navigating system is 
well known in the art and need not further be described here. 

In accordance with the preferred embodiment of the present invention, 
with further reference to Figures 1 through 6, a registration device 20 is rigidly 
fixed to a spinal element by, for example, a device such as a bone clamp 30 
depicted in Fig. 2. Alternatively, a screw retention device 40, such as the 
cannulated screw 42 depicted in FIG. 5, and described in more detail below, 
can be used. 

With reference now to Fig. 2, bone clamp 30 is fixedly attached to the 
spinous process. The clamp 30 includes at least two blades (or jaws) 32 with 

- * , ■ • 

tips or teeth 34, which are preferably sharp, for driving together and 
penetrating soft tissue or more dense bone for rigid fixation to the spinous 
process. The teeth 34 are also preferably sized to accommodate the bulb 
shape of the spinous process. The driving mechanism 40 is. for example, a 
screw driven into a sleeve 41 and is also preferably located such that It will be 
accessible in a percutaneous manner. Attached to the clamp 30 is a 
superstructure 20. The superstructure 20 includes a central post 150 which is 
relocatable, that is, it fixes to the clamp 30 in a rigid fashion, for example, as 
depicted, in Figs. 2D and 2E, by being inserted into a V-shaped wedge 44 

^ - ' ■ • 

orienting the post 150 front to back and providing a mating hole 48 along the 
wedge 44 for insertion of post 150 in a single orientation and also providing 

fasteners such as screw 43 for tightning to lock the post 1 50 in place. The 

■ * 

post 150 can be removed and reapplied by loosening and tightening screw 

* • ■ » 

43, such that the originaf geometry and orientation is maintained. The central . 
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pos.150hasa...s.pe.acon„ec.60«i*u„i,u.,eo^*a, ■ 
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as described above, in such a way that they can be removed and replaced in 
the same geometric orientation and location, for example, by means of a 
uniquely shaped interface, for example, a triangle, or a single unique shape or 
a combination of unique angles or pins with the damp 30 such that the post 
150 can only be reinserted the same way it was removed. 

Additionally, the fiducial array 1 70, can be located at various heights 
on the post 150 to accomodate variations in patient tissue depth and size, 
preferably as dose to the patient's body as possible, and then fixed at that 
specific hieight by the use of pins or indents matched to holes 19 (shown in 
FIG. 2) in the central post 150 or by placing the rods 39 of H-shaped array 
170 in different holes 31, The fiducial array 170 also has, for example, divots 
29 (shown in Fig. 2) shaped to interface with an instrument such as a surgical 
pointer 130 which can touch that divot 29 to register the location of the divot 
29 and, thus, the location of the fiducial array 170 and likewise the spinal 

element in the surgical navigation system. Multiple divots can be registered 

I . ■ • 

to further increase accuracy of the registration system, la one prefen*ed 
embodiment of the array, the fiducials 17 or 29 can be mounted in a manner 
such that they can be adjusted, for example by mounting them on a rotatabie 
or collapsible arm 66 (as depicted in Fig. 3) that pivots and folds together, to 
get the maximum distance between fidudals while not dramatically increasing 
the field of view required at the time of scanning. 

Alternatively, rather than using clamp 30, a screw 42 and rigid wire 45 
. attachment, as depicted in Figs. 5 and 6, may be used to rigidly attach the 
central post of the superstmcture 20 to a body element, such as. for example, 
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ft errew 42 is screwed into the spinal 
a vertebrae. As depicted in F.g. 6. screw 

. • > ..mpntlOO A rigid Wire 45. post, or other sufficiently ngid 
process of spinal element 1 ou. m rigi 

lo « Kirschner wire (K-wire). is inserted through the 
fastener such as for example a Kirschner wir ^ 

. 1 nn to orevent the screw 42 from rotating m 
implanted into the spinal element 100 to prevent 

either direction. 

. 3S<.ep..e<.,nF,s.10ana,1«u.es*e,nse.<.oUsc.was».ro.... 

^.,3... .^e ee w.^ ^ e9 . .a end (or .-^ - 
» » .he «p of me spinous process, prevenSn, ro.aUo„. 
Hav,n,desc.b«<,hep,efe™den.bod„nen,ofm,sappera«.sofme 

. ,^entsy^,*e.e«,odc,us.,«sappara.s.p.c«ce.e,nve*n 
. ■ „,«,s.e,..as,n„eve«etrae..«now.ed^d. T.ecpe.^o,a 
.„ca, nav,a*g sysfen, . ,ene.«y w., Known and . descH.ed in 
. : pcT/USaa,12894. ,n U,e preferred ^ o, opera«on, Can^p 30 o. F.. 
.orew 42 and K-V^re 45 o, F^. 6 are in,p,an.ed percutaneously «,r^9h a 
snna,, incision ^ «.e s«n and r^idiy a«ached «. spina, process. This 
3«^n«n. occurs * me Can, 30. dr... me «ades 32 me cU^P 30 

» lAu, ThP central post 150 is then 
togemer to hold me spinous process ngidly. The central P 

^ .ed .o me .a.p 30 or s«« 42 ar. me .du.. array .0 . ^ 
.ed.mecenwpcs.160. The pa.ien. is men scanned and Unaged w*h a 
CAT scan or MR, «im a field o, view su.ncien«y la^e .o display me sp,na, 
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anatomy and the damp 30 or screw 42 and the fiducial array 170. This scan 
is loaded into the surgical navigation system processor 1 04, 

After scanning the patient, the array 120 and post 150 can be removed 
from the patient, while leaving in place the rigidly connected damp 30 or 
screw 42. For example, as depicted in Figs. 4D and 4E, a foot 55 located 
below array 170" engages with shoe 56 and rigidly connected by screws 57 
and 58. Before the surgical procedure, the post 150, array 120 and other 
remaining portions of the superstructure 20, once removed, may be sterilized. 
The patient is then moved to the operating room or similar facility from, for 
example, the scanning room. 

. . Once in the operating room, the patient may be positioned in an 
apparatus, such as, for example, a spinal surgery frame 125 to help keep the 
spinal elements in a particular position and relatively motionless. The 
superstructure 20 is then replaced on the clamp 30 or screw 42 in a precise 
manner to the same relative position to the spinal elements as it was in the 
eariier CAT scan or MRI imaging: The reference arc 120 is fixed to the 
starburst or other interface connector 60 on the central post 1 50 which is fixed 
to the clamp 30 or screw 42. The operator, for example a surgeon, then 
touches an instrument with a tracking emitter such as a surgical pointer 130 
with emitters 1 95 to the divots 29 on the fiducial array 1 70 to register the 
location of the an^y 170 and, thus, because the spinal process is fixed to the 
fiducial array 1.70, the location of the spinal element is also registered in the 
surgical navigation system. 
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ones the s.p«stmctu« 20 placed back on me paCem. any 

or s^ew d*er. can be « cpace reWve .0 .he spine in tt,e 

,„^,ce, navH^atlon system ^ ^ ^ '"'^ 

^ of the ins^n-en, 130 « detennlned by the use, stepping on a toot 

ped. , 16 be^" ^ """'"'^ 
In^red signs, to be picked up by can^r, d,»zer anay 1 1 0 and tHangu^ed 

. . dete^nethe posi«on Cthe .s.n,n,ent ,30. Ad«na»y, o^e, methods 
™y be entpioyed » t.cK reterence arcs, pointer pn,bes, and ether tracked 
instn^ments. such as w«h ,e,ect.e spheres, or sound or magne«o en^ners. 
. indeed o. LED.. For exampie. reflect.e spheres can reject infrared ,«ht 
,«isemitted^mu.ecan»raarray1t0backto«,eca.eraanay110. The 

,^a«ve pos^on ofthe body par. such as the spinai pn^s is determined ,n 
- a sirraiar ntanner. through the use o, si*r en,«ers ,22 mounted on me 
,e,erence frame ,20 in mechanical communica«on w«h me spinai segment 
M is «e,i known in at and descHbed genera.y in PCT/US8a/, 2394. 
,3sed upon me r.a«ve pos«on o,me s^n. segment and me — . ,30 
(such as by touchUtfl a known reference poW) m. computer wouid Uiustrate a 
. p^e,a«»e scan - such as me CAT scan siic« - on me screen o. 
^ ^„Kor 106 Which would indicate me position o, me tooi 130 and me sptnai 
. segment fbr me area 0, me spine invoked in medica, procedure. 

■ For better access by the operator Of various areas near me central 

post ,50. me ^ductal array ,70 can be ^ <^ ^ ' ^' 

^r example, loosening screw42 and sikiing the anay ,70 off post ,50, 
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leaving the reference arc 120 in place or replacing it after removal of array 
1 70. By leaving the reference arc 1 20 in place, the registration of the 
location of the spinal process is maintained. Additionally, the central post 
150, reference arc 120, and fiducial array 170 can be removed after the 
spinal element has been registered leaving only the damp 30 or screw 42 in 
place. The entire surgical field can then be sterilized and a stenle post 150 
and reference arc 170 fixed to the glamp 30 or screw 42 with the registration 
maintained. 

This surgical navigation system, with spinal element registration 
. maintained, can then be used, for example, to place necessary and desired 
screws, rods, hooks, plates, wires, and other surgical instruments and 
implants percutaneously, using image-guided technology. Once the location 
of the spinal element 100 involved in the procedure is registered, by the 
process described above, in relation to the image data set and image 105 
projected on monitor 106, other instruments 130 and surgical implants can be 
placed under the patients skin at locations indicated by the instmment 130 
relative to the spinal element 100. 

Additionally, the location of other spinal elements, relative to the spinal 

« ■ ■ 

element 100 containing the fiducial array 170. can be registered in the 
surgical navigation system by, for example, inserting additional screws 250, 
rigid wires 260, or other rigid implants or imageable devices into the spinal 
. segment . 

For example, as depicted in FIG. 1 , and in more detail Fig. 1 A, 
additional screws 250 or rigid and pointed wires 260 are placed in the 
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ve,.eb.aeadlacen,.om.vertebraecon.ain^9*adB.p30a„dpcs.150 ' 

p.„,« scan^W. on ,h. 10S p.v«e<. ™n«o, 106, ^ su^eon 
can see me camp 30 or screw « and Sduciaurray 1 70 ana also 

3a«n..scre.s 2S0. ..res 260 or o..er ■.n.geaP^ deuces. W.en screws 
aSO or Cher dev^s are used, these screws 250 (as depleted in Fig. 7, may 
conuin a dWo. 256 or o«.e, speclaily shaped interface on me head 255 so 

K 1^ can be used to point to the head 255 Of the screw 
that a pointer prolM 130 can oe useu K 

.50 (or wire, and Wicate the ortenta«on of me screw 250 or wire 260 to the 
surgica, na.ga«on system by com™n^..n, to me controiier 114 or by 
en,^ionfromLEDs195onprobe130todi,«ze,110. Tt-e image ofmese 
3ddi.io„ai screws 250 aiso appear in me scan, once me parent.. hen ^ 

„oved to the ope..ng fa*, ramer man the scanning area, me image 

screw 250 can be compared to the actus, pos«oo of me scr«, 250 as 
.d^tedbymepointerprobe130ma.lstouched.othehead25Softhe 
. .crew 250 orwire 260. „ neoessa,,, me operator can manipu^e me posiUon 
erne parent to move me spina, element and mus me ^on o, me screw 
260 or >.re 260 to rea„gn me spin^ dements ^m the ead,er image of me 
. 3p.e.Men,a«,e.>e operator can man,pu* me image to correspond to. 

me current posWon of me spina, segments. 

Po, addi«ona, positionin. infom^tion, the operator can piece add^onal 
Hg« wires 260 . screws 250 ,n.o the vertebrae, for example, ^ted a. the 

, supedor (toward me patents head, and infertor (towards the patients fee,, 
ends of me s^naf process to ™re ac™rate,y posit*, mose vertebrae 

^3..e to me omer vertebrae and me ^age data. Add«oha„y, me wires 260 
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and screws 250 implanted to provide positioning information can also be 
equipped with emitters, such as. for example, LEDs, to provide additional 
information to the surgical navigation system on the Jocation of the wire 260. 
or screw 250, and thus the vertebra to which they are affixed. 

Alternatively, the patient can be placed in a position stabilizing device, 
such as a spinal surgery frame 125 or board, before a scan is taken, and then 
moved to the operating facility for the procedure, maintaining the spine 
segments in the same position from the time of scanning until the time of 
surgery. Alternatively, a fluoroscope can be used to reposition the spinal 
segments relative to the earlier image from the scan. An ultrasound probe 
can be used to take real-time images of the spinal segment which can be 
portrayed by monitor 106 oyeriayed or superimposed on image 105. Then 
the operator can manually manipulate the spinal elements and take additional 
images of these elements with the fluoroscope to, in an iterative fashion, align 
the spinal elements with the previously scanned image 105. 

Alternatively, a clamp 30 or screw 42 and superstructure 20 can be 
rigidly fixed to each vertebra involved in. the surgical or rnedical procedure to 
register the position of each vertebra as explained previously for a single 
vertebra: 

After the spinal elements are registered in the spine, various medical 
and surgical procedures can be performed on that patient. For example, 
spinal implants, endoscopes, or biojasy probes can be passed into the spine 

and procedures such as^ for example, spinal fusion, nrianipulation, or disc 

■ 

removal can be performed percutaneously and facilitated by the surgical 
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.iHinc svstem Additionally, a radiation dose can be 
navigation image-guiding system, n 

targeted to a specific region of the vertebrae. 

one such procedure facilitated by the apparatus and methods 

• ^^r4Jr»n nf screws and rods, fixed to 
,es.nbed above is the pe^taneous «ert»n of sc«w3 

. ♦=wr.7.> them Once screws, for example 
different vertebra in a spine to stable them. U 

. * ^ In Pin 12 before manipulation) are 
multiaxial screws 250. (as depicted .n Rg. 12. be 

..• v.nn^ thev can be manipulated by a head- 
in^planted through small .ncsions they can 

• hP 280 The final posrtion of screws 250 and heads 255 are 
positioning probe 280. 1 he iinai h 

J -^^^ in FIG 7 inc udes a heao 

■ .nmetricaliv unique fashion with the head 255 of the 
285 that mates in a geometncaiiy uniq 

,_.aO.Me^e..c.as.o.e«.p,ean..Oa„.3SOo„.ep.. 
.eo, ;n..a.e. .e ,ooaUo„ a. o.e„.«oo o, ..ew .ea- .5S 

osfi can then be rotatably 
• »rf hx/ riiaitizer 110. The screw head 255 can in« 
received by digitizer i lu . „ oan tn be 

,.,,.yoHentedforthereceiptofarod3e0inse.edthroughtherotat.. 

250 to be connected. Then, with reference now 
screw 250 to the other screws 250 to be conne 

^ mH inserter 245 also equipped with emitters. 
Pin 9 an optically tracked rod insener -tna 
::i.o.eLp,e.Osa..oaa..aoe.^..aao.e.™.n.,oo 

. irt» = ™d 360 through the holes or slots in the screw 
„„atew«.andgu,dearod360.h 

,se«e.a«.and..he«,o.,.he™<.3e0,^.othelnse,.e,.«.he,og 
. «*ed in the su^loa, „av.a«on sys... The operator can also use the 
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computer 1 14 to determine the required bending angles of the rod 360. For 
greater visualization, the geometry of the screws 250 could be loaded into the 
computer 114 and when the position and orientation of the head 255 is given 
to the computer 1 14 via the probe 280, the computer 114 could place this 
geometry onto the image data and three-dimensional model. The rod 360 
geometry could also be loaded into the computer 114 and could be visible 
and shown in real time on monitor 106 as the operator is pladng it in the 
screw heads 255. 

. In an alternative procedure, one or more plates and/or one. or more 
wires may be inserted instead of one or more rods 360. 

It will be apparent to those skilled in the art that various modifications 
. and variations can be made in the present invention and in construction of 
this surgical navigation system without departing from the scope or spirit of 
the invention. Other embodiments of the invention will be apparent to those, 
skilled in the art from consideration of the spedfication and practice of the 
invention disclosed herein. It is intended that the specification and examples 
be considered as exemplary only. 
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WHAT IS CLAIMED IS: 



connected 



, An apparatas lor fao««a*9 pen=u.aneous placement of surgical 
■„s«.^^. ln» .he sp^e, adapted ,o, use w* a surgical navigaiton system 
employin, an ene^^eteCng array in communication * a surgical 
„av«a««n computer to ua* posiUons o. in^-uments in three dinrensicna, 

spa^ r^ative to a Known reTerence point, said apparatus composing: 

a connector adapted to t« rigidly attached tc a potion 01 the 

spine; 

at least one central post connected to said connector, 
a position identification stmcture rigidly and removably 

.0 said central post at a predetem,ined position on said central 
post and adapted to be ,ec«.e.^ a. ^ same sa. predetermined pos»«,n. 
said identincation stnrcb.re being .udher adapted to allow a patient to be 
scanned with the atn-cture connected to the central post, said stntcture 
.eluding an assembly tor commun^«hg posi^oning in,on.a«on w»h respect 
to said assembly to «,a energy detecting array and surgical navigation 
computer, and 

a connector assembly .or said reconnecUng of said stmcture 
substan«ally to said predetennined position on said central post 

2. The apparatus of claim 1. wherein the connector is a clamp 
having teeth adapted for biting into a spinous process. 
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3. The apparatus of claim 1 , wherein the connector includes an 
elongated fixture with a central axis and a threaded end adapted to be 
inserted into the spinous process and a substantially rigid wire connected to 
the fixture with the central axis of the wire adapted to be implanted into the 
spinous process at an angle to elongated fixture to prevent the fixture from 
rotating. 

. . • 

4. The apparatus of claim 1, wherein said assembly for 
communication positioning information Is a substantially H-shaped frame. 

5. The apparatus of claim 1 , wherein said assembly for 
communicating positioning information is a substantially W-shaped frame. 

6. The apparatus of claim 1 , wherein said assembly for 
communicating positioning information is a substantially U-shaped frame. 

. 7, The apparatus pf claim 1 . wherein said assembly for 
communicating positioning information is a substantially X-shaped frame. 

8. . The apparatus of claim 1, wherein said assembly for 
communicating positioning information comprises: 

a fiducial array for registering the location of a spinal element 
with rigidly connected fiducials; and 
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for signaling the position of a spinal element. 



said arc 



a reference arc 
further comprising rigidly connected emitters. 



9. The apparatus 



of dalm 1 . wherein said reference point is on the 



spine. 



,0 A me.h.. monnoring fte location of an inM^ment. surgica, 
,„p,an, and vaHous po*ns o, me b^V. «" operated on. using a au„ica, 
„a.ga«on syste. a surg.a, naviga^on con.^.er and a d,it.e. array .or 
^«„g loca^on o, insfun-ent. in .Hree— na, space reiatWe to a 

kn«n reference point, said method comprising the steps of. 

• DOst to a portion of the Spine; 

attaching a fixture having a central posi lo a h 

removably attaching an identification stmcture including a 
fiducial array and a reference arc to said central post; 

providing a scanned three-dimensional image of a p.t.ent 

said fixture heing rigidly attached to the parent to identify the posiUon of said 
fixture and said fiducial array on the scanned image; 

using an image-guided system, by touching an image guided 

location of a spinal element fixed to said array; and 

• 1 fr«m ^3id reference arc to Indicate changes in 
emitting a signal from said reierei lu 

position of the spinal element during a surgical procedure. 
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1 1 . The method of claim 1 0, further comprising: 

perfomriing a surgical procedure percutaneously on a patient 
using an instrument and implant locatable relative to the spinal element and 
said structure in known positions identified in the surgical navigation system. 

12. The method of claim 1 0, further comprising: 

inserting a threaded fixture having a substantially rigid wire into 

a spinal element; and 

touching an image guided pointer to said threaded fixture and 
wire to positively register the location of said fixture and wire in a surgical 
navigation computer. 

■ ■ • 

1 3. The method of claim 1 0, further comprising: 

implanting imageable devices into spinal elements to identify the 

* 

location of the spinal elements in tiie surgical navigation computer. 

14. The method of claim 1 0, furUier comprising: 

implanting imageable devices into a plurality of spinal elements; 

and 

manipulating the patients spine by viewing the location of the 

implanted devices, as communicated to the surgical navigation computer by 

• . . - ' ' ■ ' 

touching an instrument with a tracking emitter to said implanted imageable 
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.e^ces » a»,n ^ ^ pos»on c, spina, e.en»n. v* p— 
scanned image. 



15. The method of daim 10 further compnsing: 

percutaneousiy implanting screws into spinal elements; and 
locatir^g the posffion of said screws using image guided surgical 
navigation techniques. 

16 The method of claim 15 further comprising: . 

. manipulating me Orientation of the screw heads percutaneously 

using a head-pos.oning probe for communicating location containing an 
emitter, said probe communicating to the surgical navigation computer the 

orientation ofthescrewheads;and 

. using a head po*nin9 tool for manipulrtn, implants hav^g 

,„ end porton «,at n«.es * the heads otthe screws and retain, the 
screv/s to receive a connecting implant. 

\ * 

.. 17 Theroethodofclaimiefurthercomprising: 

„acKlng the location and position of the connecang implant by 

^eans o, an inst^men. affixed to the impian. hav^g em»ters =apa«e o, 
™=a.ng o^Bon and ^.ion to the surg^ nav^a*^" -puter. 
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18. A system for use in performing the percutaneous placement of 
surgical implants and instruments into the spine using image guided surgery 
and a surgical navigation computer and energy detecting array, said system- 
comprising: . . 

means for attaching a fixture to a portion of the spine; 

means for communicating position information to the surgical 
navigation computer and energy detecting array said means rigidly and 
removably connected to said means for attaching a fixture; 

means for providing location information of said spinal portion to 
the surgical navigatiori system adapted to be connected to spinal elements; 

means for indicating screw-head position said means electrically 
connected to the surgical navigation system and adapted to mate with the 
head of a screw implanted in one or rnore of said spinal elements. 

1 9. The system of claim 1 8 further comprising: 

an elongated implant adapted to be inserted into said implanted 

■ 

screws; 

means for indicating the position of said elongated implant 
electrically connected to the surgical navigation system and adapted to mate 
with the elongated implant. 
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. I imiR wherein said implanted screws have 
20. The system of claim 1 8, wnerein »o 

, . H i„,ni«nt is a rod adapted to be guided through holes 
heads and the elongated implant is a roo au h 



in 



said implanted screw heads. 
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